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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Metric English 
Symbol 
Unit Symbol Unit Symbol 
Length ____ _ l 
t 
F 
meter ___________________ _ m 
sec 
kg 
foot (or mile) _________ ft. (or mi.). 
Time ______ _ second ____ ______________ _ second (or hour) _______ sec. (or hr.). 
Force _____ _ weight of one kilogram ____ _ weight of one pound ___ lb. 
Power______ P kg/m/sec ___________________________ horsepower ___________ HP. 
Speed ________________ m/sec ______ _______________________ _ mi./hr ________________ M. P. H. 
2. GENERAL SYMBOLS, ETC. 
Weight, W = mg. 
Standard acceleration of gravity, 
g = 9.80665m/sec2 = 32. 1740ft./sec.2 
W Mass m= -
, g 
Density (mass per unit voIUlne), p 
Standard density of dry air, 0.12497 (lrg-m-4-
sec2) at 15°C and 760 mm.=0.002378 (lb.-
ft.-4-sec. 2) • 
Specific weigh t of 1/ standard" air, 1.2255 kg/ms 
=0.07651Ib. /ft. s 
Moment of inertia, mk2 (indicate axis of the 
radius of gyration, k, by proper subscript). 
Area, S; wing area, Sw, etc. 
Gap, G. 
Span, b; chord length, c. 
Aspect ratio = b/c. 
Distance from c. g. to elevator hinge, j. 
Coefficient of viscosity, J.L. 
3. AERODYNAMICAL SYMBOLS 
True airspeed, V. 
Dynamic (or impact) pressure, q=~ p VZ 
Lift, L; absolute coefficient OL= :s 
Drag, DJ• absolute coefficient OD= ~ 
Cross-wind force, 0; absolute coefficient 
o 
OC=qS 
Resultant force, R. 
(N ote that these coefficients are twice as 
large as the old coefficients Le , Dc.) 
Angle of setting of wings (relative to thrust 
line), iw' 
Angle of stabilizer setting with reference to 
thrust line, it. 
Dihedral angle, 'Y. 
Reynolds Number = p Vl where l is a linear di-
p. 
mension. 
e. g., for a model airfoil 3 in. chord, 100 mi./hr., 
normal pressure, O°C: 255,000 and at 15°C, 
230,000; 
or for a model of 10 em chord, 40 m/sec, 
corresponding numbers are 299,000 and 
270,000. 
Center of pressure coefficient (ratio of distance 
of O. P . from leading edge to chord length), 
Op. 
Angle of stabilizer setting with reference to 
lower wing. (i,-iw) =fJ. 
Angle of attack, a. 
Angle of downwash, E. 
-- -- - --- ------
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REPORT No. 235 
INTERACTION BETWEEN AIR PROPELLERS AND AIRPLANE 
STRUCTURES 
By W. F. D UllAND 
INTR ODUCTIO N 
This investigation wa. conductcd at the Leland Stanford Junior University by the ational 
Advi ory Commi ttee for Acronau tics a t the rcquest of and with fund provi ded by the Army 
Air ervice. 
The purpo e of the investigation, the re ul t of wluch are pre en ted in trus report, was the 
determination of the character and amoun t of in teraction between air propellers as usually 
moun ted on airplanes and the adjacen t p ar t of the airplane structure-or, more specifically, 
tho e par t of the airplane tructure wi thin the wash of the propeller , and capable of producing 
any ignificant effect on propell er performance . 
In rcpor t No. 177, by M e sr . Le ley and Wood, such inter ac tion between air propellers 
and certain simple geomctrical forms wa m adc the subj ect of investiga tion and report. The 
presen t in ve tia-ation aims to carry this general study one stage further by ubstitu ting aeLual 
airplane structure for the simple geometrical forms. 
F rom thr point of yiew of the prese nt investigation, the airplane structures, viewed a an 
obstTuction in the wake of the propellrr , rou t itl 0 be viewed as a neces ary par t of the airplane 
and not as an appendage which might be in tailed or removed at will. 
A ALYSIS OF PROBLEM 
In order to exhibi t the quantities involved and their mutual relations, we may employ 
notation as follow : 
Let R =resi tance of en tire airplane withou t propeller a t speed V, and in horizontal unac-
celer ated fligh t. This i similar to the towed re i tance used in similar problems in ship pro-
pulsion . It would be, in fact, the towed resistance if we eould imagine the given airplane towed 
through till air at peed V. 
Let the trueLure of the air plane be con idereel un der three head : 
(1) The par t under the inAuence of the propeller . 
(2) .A mall O J" moderatr amount of' ou tlying structure, beyond that in the immediate wash 
of th e propeller. 
(3) The rem ain der of the airplane. 
Let RI = resisLance due to P ar t (1) wi thout the propeller and at speed V. 
R2 = resistance du e to P ar t (2) at peed r. 
R3 = re i. tancr du e to P ar t (3) at peed Tl. 
Then R = Rl+ Rz+ R3' 
Let A = augmen tat ion of resistance of P arL (1) due Lo action of propeller. 
T = Lhru t aCLually dcveloped by propell er at air speed V ancl with a given value of 
V/ II !) and when operating in place on the airplane. 
Then T is the total thru. tactuall y dcwloped h y the airpl ane und er operative conditions 
a above and wc hall have 
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We may therefore view this total T as made up of two parts 
Rl + R2 + Rs = net or useful re istance overcome. 
A = augmentation due to action of propeller on the airplane. 








) _______________________________ (3) 
Also (T - A) V = useful power. 
Let 0 = torque. 
Then 271' nO = shaft or input power. 
Propulsive efficiency =1/( = (~~ ~b V_ - - - - - - - - - - - - -- -- - - - - - - - - -- - - -- - - - - -- -- -- -- - - J O 
This value compared with the value of 1/ for the propeller operating in free air, and with the 
same value of VlnD, will then give a comparison between the propulsive efficiency and the free 
air efficiency for the same conditions of operation (same value of VlnD). 
Suppose now a model to be made representing Parts (1) and (2) of the airplane-enough 
to surely include all parts of the airplane which can interact with the propeller and a little more 
for good measure. Then with this model and with the cOl'l'esponding model propener, let us 
assume a program of three series of te ts as follows: 
(1) Wind resistance test of the model free. 
(2) The usual tests of the propeller free, giving for a series of values of VlnD, values of 
thrust, torque and efficiency. 
(3) Te t of the combination, including resi tance measurements on the model and the 
usual measurements on the propeller, all carried out at a erie of values of VlnD. 
Then for any te t under (3) there will be a resultant Twith a certain VlnD and a certain V. 
Thi is obviously the actual thrust developed under operative condition. The same tesL will 
give likewi e a value of (Rl + R2 + .il), the augmented re i tance of the model. The preceding 
experiments will have given for the same V the value of (R l + R 2) the normal free resistance. 
The clifI'erence 'will give the value of A, the augmentaLion due to the propeller, and thi ub-
tracted from the value of T will give the net 01' useful tlu'u t realized. This is then u ed a 
indicated above, and the value of the propulsive efficiency thu found. 
It will now be seen that the division of the structure of the airplane into tlU'ee part as 
above specified waS for the purpose of indicating the possibility of eliminating ParL (3) from the 
model and of thus limiting the latter simply to the Parts (1) and (2) as above noted. This makes 
po ible the use of models of relatively large scale with the attendant advantage which such 
models crive, and which are too well known to require special note. 
Approaching the matter from a lightly different view point we reach the same re ult as 
follows: 
Given the model and the propeller in operative relaLion. The propeneI', under specifi d 
conditions, develops all actual thru t T. In 0 doing, however, it ha increased the force I' ac-
tion of the air on the model by the amount A. Thi amount A must then be deducted from T 
in order to fi.nd the net useful thru 1, developed for pl'opul ive purposes- the thrust which i 
equal to the towed 1'e i tance of the airplane (complete structure) and which airplane such net 
thru t (T-A) would erve to propel, could the operation be carried out without any interaction 
between airplane and propeller. The actual input power under the e condition is then the 
power which must be supplied to the propeller in order that, operating in front of the airplane, 
it will develop a total thru t T equal to the free res is Lance at the given peed plus the amount 
of augmentation which its operation entail . 
From still another view point, suppose we imagine a propeneI' at the extremity of a shaft, 
say 1,000 feet long, extended out ahead of the airplan e. We may then as urne the interaction 
between the airplane and pI' peller negligible. Then both propeller and ai r'plane will operate as 
INTERACTION BETWE}~N AIR PROPELLERS AND AlRPLANE STRUCTURES 5 
in free ail' and the resistance of the latter will be the free air 01' II towed" resistance as referred to 
above. Obviously, the propulsive efficiency here will be the same as the propeller efficiency in 
free air. If then we imagine the shaft to be gradually shortened in, there will begin to develop, in 
due time, an interaction between the airplane and the propeller, as a result of which both the 
thrust (pull) developed and Lhe resistance to be overcome will increase. Finally with the 
propeller in iLs normal relation to the airplane we shall find a notable increase in both, and if the 
engine is driven at ueh speed as will serVe to give the same airspeed of the airplane as before, we 
may consider that the same net useful result is accomplished. This useful power will evidently 
be (T - A) V and the input power to accomplish this will be 27rnQ- the power resulting from the 
actual n and actual Q. The ratio between the two will then give the propulsive efficiency under 
the given conditions of operation. 
A physical cause for the augment of wind reaction or force on the airplane is found in the 
augment of velocity of the air in Lhe propeller wash and which flows against the front of the 
model. 
Likewise, a physical cause for Lhe aug.men L of thrust (pull) developed by Lhe propeller is 
found in Lhe slowing down of the air velocity as it approaches the propeller and in consequence of 
the obstruction represented by the airplane. With a given value of n, the thrust increa es as the 
·airspeed deer'cases and in consequcnce, if the central column of air approaching the propeller is 
slowed do"wn relative to its velocity in the case of the propeller free, the latter will show a corre-
sponding augment of thrust developed. 
Certain aspects of the phenomena as observed in the Lests covered by the presenL report 
suggest that there are other conditions which must be included in order to obtain a complete 
account of these changes in air reaction and in tlu·ust. At the present time, however, data are 
not available for any further statement regarding the matter. 
MODELS EMPLOYED 
In order to realize the pm'poses as above indicated, three models were constructed as follows: 
Model A represents a part of a 
thick wing section under study by 
the Army Air Service with reference 
to its availability for use in a new 
type of bombing airplane. This 
model is shown in Figures 1 and 2. 
The till'oat diameter of the 
wind tunnel at Stanford University 
is 90 inches and having in view the 
maximum over-all size of model 
which it seemed wise to use in a 
tunnel of this size, it developed that, 
with the propellers in proportionate 
r--3S" \.------57"'- ----->1 
I \() 
FIG. I.- Night bomber, type XIII. Model A.. Stanford University. (See Drawing 
size, a diameter of 24 in c: hes wa M-2102, Air Engineering Division U. S. A. 
indicated. Accordingly the propellers were made of this diameter, and the model of propor-
tionate size, the wing section of the model extending 6 inches beyond the tip of the blades, and 
thus having an over-all breadth of 36 inches. 
Model B represents the central power plant installation of the same design as for model 
A. This model is shown in Figures 3 and 4. The more immediate obstruction in the case 
of model B i represented by the machine gun turret immediately back of the propeller, by the 
landing gear a little farther away, and by the wings at a still greater distance. In the case 
of this model, with the front edges of the wing so far back of the propeller, it was not convenient 
to carry the wing back the distance of its entire chord. It was therefore carried back in regular 
form for a part of the way, and then faired down to the trailing edge more abruptly than in 
the actual design. See clotted lines of Figure 3. This gives a wing of shortened chord as 
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FIG. 3.-Night bomber, t ype XIII. M odel B . SLanford University. (Sce drawing 1IJ-2J02, Air 
Enginecring Di vision U. S. A .) 
FIG. 4,-ModeJ B 
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compared with the regular wing of model A. Experience with Lhe character of the reaction 
between the propeller and the adjacent parI, of th structure, and especially with the part 
which are most influ ential in producing such reaction , gives good ground for the ])c]jd that 
such a, hortening up of the chord, with tilc wing a far rcmoved as it i. , will havc no important 
influence on the r e LlIL 0 far a the propell l' is con 'erned. The aerodynamic properties of 
the ,ving would of course be different in themselves, hUL it is not here a question of the aero-
dynamic properties in themselves, bu t rather of the difi'el'encp in .'uC'h propcrties produced 
hy the propeller, and of the difference in the performan ce of Lhe propeller prod Llced by the 
proximit.y of the e tructural element. 
Model C repre ents the front end of the fu selage of 
the DeHavilland airplane as hmm in Figure 5 and 6. 
In this ca e, havin a in view the eli tance hetween the Pl'(J-
peller and tbe wings, and in order to implify the construc-
tion of the model, it was deeid eel to om i t thewinas en tircly . 
While therefore the model docs not represent all parts of 
t.he airplane within the wa h of the propeller, all PI' vious 
te t with ob truciion indicate that in such fl. design lhe 
I 1011 
r-44" i 8 ~ 5desCUf~YJ: · 
reaction between airplane and propeller mu tin prepon- ~"G. 5.- DII4 fu selage. Model C. Rt"nford University. 
d Cl'an t degree be due to th e nose of the I'u e I age ratb er than (Fuselago shortcncd to accommodate dynamometer) 
to the wings and taiJ surfaces . The nose of Lhe model was fitLed with a wire mesh, -10 spaces pel' 
incb, and wire 0.006 inch diameLcr. This i found to have an air rcsistance clo ely comparable to 
that of an airplane radiator of normal design. In addition and fol' comparativo purpo es, the 
mod I was also run with the end entiroly open, and al 0 hlanked off with a heel, of heavy paper. 
Regarding t he lack of com-
plete imilal'ity bet'\'een air-
plane and model, or more 
partieularly in models Band C 
it lllay be noted that with the 
construction and set-up of the 
dynamometer, thi wa un-
avoidable. Howeyer, a very 
considerable hody of observa-
tion with geometrical model 
a well a tho 1'C ult of the 
present investigation with dif-
fereni yalue of the clearanC'e 
all go to show the very rapid 
FIG. 6.- lIJodel C falling off of influence on the 
propeller with increase of distance between the propeller and the ohstrueting surface or body. 
The e results all tend to upport definitely the conelusion that the inOuence of mIaces giving 
generally a fr1 tional drag ami at di tanee of one and one-half diameters of the propeller 01' 
more, would produce an effect on the propeller pre umabJy within the error of ob ervation. 
Pl'opelZers.-The propellers employed were two in number, imilar to Nos. 7 and 3 of 
Report o. 141, and of which the principal eharacteri tic are a follow: 
Propeller No.1, pitch ratio, 0.7. 
Propeller ' o. 2, pitch ratio , 0.9. 
Diameter, 24 inche . 
M ean blade width, 0.15 r. 
Maximum blade width, 0.18 r. 
8 REPORT NATIONAJ:- ADVl:OBY ('Ol\1l\lIT'rEE l·'OR AEHO AUTWS 
The blade hape (developed) and the forms of sections at radii 2.67, 4.67, 6.67, .67, 10.67 
inches are shown in Figure 7. 
The propellers are similar in all respects excepL as to pitch raLlo. The face pitch is uniform. 
NUMBER OF COMBI ATIONS OF IG IFICANT ELEMENTS 
In the case of models A and 13, each model was Le ted wiLh 
each propeller and for each of three value of the distance or 
clearance between the propeller blade and the neare t p!trt of 
the model. In the case of model 0, te I, were made with each 
propeller aL each of two value of the eli Lance 01' clearancc 
between the propeller blades and the fn elage no e, and for 
each of thl'ee condition or degrees of nos(' ohsLl'llction. 
'rhis gives 12 difl'el'ent Rct-upS with models .. \. and Band 12 
with model 0, 01' 2~! in all. 
SET-UP OF APPARATUS A D MODEL 
[I, Jlhty be propel' to r 'call, aL Lhis point, thaI, Lhe wlud 
tunnel aL tan ford ni~r('rsiL'y is of the lWI'el type and with 
principal dim('n ioos as indicaL('(1 in Figure . 
The dynamometer, as indicn-Led in Figure !), consists e's('ll-
tinJly of a slender tapering btllTel some 0 feel, long moun Lcd on 
knife-edges as a cradle dynamometer and with the model pro-
peller motor 10cl1,ted in the larger lown-wind end of the banci, 
:faired in as a part of the barrel form. The motor i connected 
to the propeller tlU'ough a pecial form o:f drive which transmit 
torque wiLh lonaitudinal :freedom of propeller haft. Thi gen-
eral arrangement provide for the direct measurement of thru I, 
and torque which are weighed on beam scales, graduated, re-
spectively, in hundredth of kilogram and in thousandths of 
kilogram-meters. 
In order to provide for the independent mea me of force on 
FIG.7.-Plan form and section or propellers the propellor model and on the airplane model, the latter wn,s 
with .7 and .9. plD 
uspended by piano wires from the ceiling of the experiment 
chamber, the length of suspension being about 7 feet. The model, thus su pended, hangs entirely 
free of contact with the dynamometer barrel and may be placed in any desired clearance relation 
with the propeller. This arranaement places the model and the propeller in operative relation 
geometrically while permitting of independent measure of the forces on each. Thi arrang-
ment is shown in Figures 2, 4, and 6. 
For the direct measurement of air force 
on the model a piano-wire brielle wa attached 
to the two sides of the model at shaft level 
and thus accommodating the propeller be-
tween the two sides of the brielle lead. 
From the apex of the triangle thus formed 
a single piano wire was led forward (up 
r /8'---'1'-1' -18' -+---32'----011 r 
"T ~ ~d~ ~ -L ~----4~,* 1 
<\.J 
Plan I 
wind) through the honeycomb baffle, through FIG. S.-Wind lunnel or Slanrord University (approximate sketch) 
and beyond the tunnel inlet to the end wall of the building, and over a carefully fitted-up pulley 
down to a gros weight on the plate of a beam scale weighing to hundredths of a pound. Thu , 
by subtraction, the pull on the model due to air flow may be directly weighed on the scale. 
In order, however, hat the reading of the scale may be made to indicate air forces and 
nothina else, it is necessary that th model, when in the observing condition, should hang in 
the free gravity position; otherwi e there will be a o-ravity component, plus or minus, included 
INTERAOTION BETW EEN AIR. PROPELLERS AND AIRPLANE STRUOTURES 9 
in the scale reading. In order to eliminate any such component, the following operative routine 
was followed: 
The model, without wind and disconnected from the piano wire leading to thc scale, was 
allowed to hang freely undcr gravity and whilc 0 hanging a transit instrumcnt, set up abreast 
01 the model [Lnd at thc sidc of the experiment chamber, entirely out of the wind stream, was 
adjusLed with vertical cross hair on a reference mark 011 a paper scale attached to the model. 
Then, during the observations, the model was brought, by suitable fine motion aclju tment, 
exactly to this initial or zero position , with Lhe mark on the vertical cro hair. Under these 
conditions the scale 
readings may be prop-
erly interpreted as 
giving (by subtraction 
from the grosJ the 
actual wind forces on 
the model. 
It is obvious, fur-
thermore, that Lhis 
arrana-emen L may be 
used either with or 
wi thout the propeller, 
and thus provide lor a 
measurement of air 
forces on the model 
either in a homogene-
ous air stream or as 
influenced by the oper-
ation of the propeller 
pla ce d with any 
de ired clearance be-
tween itself and thc 
forward edge or plane 
of the model. FIG. 9.-General view of dynamometer 
OBSERV ATIONS 
In accordance with the method indicatcd in Lhe preceding sections observations were made 
covering the various elemen ts of thc problem. These ob ervations with the resulting values 
of the various coefficients are given in Tables III to XXVI. 
In the reduction of these observations the following coefficients have been employed: 
OT = Thru t coef. (propeller alone) = ;D4 
pn 
OT = Thrust coof. (propeller with airplane) * = (T--;J;) ' 
pn p 
OPt = Power Coef. = pn~D5 ' 
71 = Efficiency (propeller alone). 
71t = Propulsive efficiency (propeller with airplane) = 0°::.. VD · PI n 
Also for tabular pre entation, the following notation is convenient. 
T = Actual thru t. 
Ra = R esistance of model with propeller in action. 
Ro = Resistance of model wi thou t propeller, at same speed as for Ra. 
A = Augment of resistance due to propeller= Ra- Ro. 
OT= Thrust coef. = (T -A) + pn2D4. 
OPt = Power coef. =P+ pnSD5 . 
• No confusion seems to result from the use of the same symbol CT (or thrust coefficient either with or without airplane. The context will 
always indicate which condition obtains. When A=O the two values become identical. 
83090-26--2 
10 REPORT' NATIONAL ADVI ORY COMMITTEE FOR AERONAUTI S 
.20 . 10 


















.2 .6 .8 .4 1.0 o 
Vj nlJ 
FIG. lO.-Charactcristic coefficients of propcller No.7. Diametcr 24 iDches. 
Nominal pitch ratio .7 
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FIG. l2.-Typical effect Of slip stream obstruction on propeller coefficients. 
Propeller No. 1. Unobstructed. Propeller No.1 with model A at 4 inch 
clearance 
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FIG. J4.-Propeller 0.1. Pitch ralio .7. Model I-wing clearance 2 inches 
.20 . 10 
.16.08 
........ ~ TJ 
V ~ l"\ 8 
.12 .06 IX' 
V 
'\r\ 












.2 .4 .6 .8 !.O 1.2 o 
Vj nlJ 
FIG. n.-Characteristic coefficients of propeller No.2. Diameter 24 inches. 
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FIG. 15.-Propeller No. 1. Pitch ratio .7. Model A-wing clearance 4 inches 
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FlO. 16.- Propeller No.2. Pitch ratio .9. Model A-wing clcarance 0.375 inch os 
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FIG. 2O.-Propeller 1 o. I. Pitch rntio .7. Model H- fuselage clearance 2 inches 
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FIG. 21.- P ropeller 
--- ,,~ ~~~ 
~r t? V ~ , r--.. 
, 


















o. I. Pitch ratio .7. Model B- fuselage clearance 4 
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F IG. 22.- Propeller No.2. Pitch ratio .9. Model ll-fuselage cleamnce 0.375 
inches 
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FIG. 24.-PropelJer No.2. Pitch ratio .9 . Model ll- fuselagc clearance 4 incbes FlO. 25.-PropelJer No. 1. Pi tch ratio .7. Model G-Dellavillaud. 
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FIG. 26.-Propeller NO.1. Pitch ratio .7. Model C-Dellavilland. 
learance 4 inches. Radiator, wire gauze 
Clearanoo 0.375 inches. Radiator, wire gauze 
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FIG. 27.-PropeIJer No.2. Pitch ratio .9 . Model -DelJ avilJand. Cle.ranec 
0.375 inchcs. Radiator, wiro gauze 
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FlO. 28.-Propcl\er No.2. Pitch ratio .9. Model C-DeIravilland. Clearance 
4 incbes. Rad iator, wire gauze 
FIG. 29.-Propcl\er No. I. Pitch ratio .7. Modcl C-Dellavilland. 
Clearance 0.375 inches. Radator. space open 
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FIG. 3O.-Propeller No. 1. Pitch ratio .7. Model C-DeUavilland . 
Clearance 4 inches. Radiator, Space open 
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FIG. 32.-Propeller No.2. P itch rat io .9. Model C-DeUavi lland. Clearance 
4 inches. Had iat.or, spaco opec 
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FlO. 31.-Propeller No.2. Pitch ratio .9. Model C-DeIInvillaml. Clearance 
0.375 inches. Radiator, space open 
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FIG. 33.-Propeller o. 1. Pitch ratio .7. Model C-DelIavilland. 
C learance 0.375 inches. Radiator, closed 
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FIG. 34.-Propeller No. 1. Pitch ratIO .7. Model C-DeHavilland. 
Clearance 4 inches. Radiator, closed 
FIG. 35.-Propeller 0.2. Pitch ratio .9. Model C-Dellavilland . Cleara nce 
0.375 inches. Radiator, closed 
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Graphical repre entations of these result are shown in the diagram of Figure 10 to 36. 
In these diagrams the individual values of the two coefficients are repre ented by the plotted 
points. A mooth curve as be t indicating a continuous and con i tent l aw is then drawn 
through and among these spots, and such curv i accepted as the be t indication of the law 
relating the value of the coefficient to varying V/nD. The value of the effieiency 'T/ are then 
derived from the smooth curves of these coeill ient and are plotted a sho'wn in the various 
diagram. 
Table I and II and Figures 10 and 11 give the re lil t for the two I ropeller alone, and 
Tables III to XXVI and Figur 13 to 36 give those for the various combinations of propeller 
and model as tated. In each of the .latter cases the efficiency curve for the propeller alone is 
also hown for comparison. 
INTERACTION BETWEEN AIR PROPELLERS A D AIRPLANE STRUCTURES 15 
In Figure 12 are shown, for a single case, the curves for thrust and power coefficient with 
the resulting e1Iiciency curves for the propeller alone and for the propeller with model. To 
avoid complication of diagrams, the coeiIicient curves for the propeller alone are omitted in 
Figures 13 to 36. 
DISCUSSION OF RESULTS 
In all cases, a shown on the various diagrams, tlfe pre ence of an obstruction behind 
the propeller has the effect of moving to the right, on the axis of V/nD, the point for zero thrust . 
This is especially brought out in the diagram of Figure 12 where the coeffiCient curves for tbe 
propeller alone and for the propeller combined with model are shown together. Comparison 
with the other diagrams will show, in varying degrees, the same general condition. 
This re ult i readily seen to follow as a natUTal consequence of the lowing down of the 
column of air actually operative on the propeller, as compared with the air passing freely at 
the side of the obstruction. For any given value of wind velocity as based on the latter, the air 
column acting on the propeller win be slowed down, the value of n for zero thrust will be deereased 
and the value of V/nD for zero thrust will be correspondingly increased. 
From this shiH or the point for zero thrust, it natUTally re ults that the CUTve for thrust, 
or thru t coe1Iicient, for the combined ca:'e, a compared "with that for the propeller alone, tart 
farther to the right and near the start lie abo\Te that for the propeller alone. Hence for large 
value of V/nD (small values of the lip) the curve for propeller with model will lie above that 
for the propeller alone, as shown in Figures 12. 
As the slip increases, however, and the value of V/n!) become less, the two curve approach 
and meet and cros~ , thu bringing the value of the combination thrust coefficient for moderate 
and large value of the slip below those for the propeller alone. This condition, in general, is 
found to prevail over the normal working range of values of YlnD. 
SimihLl-ly, for the torque eoe-fficient, the values for large V/nD arc greaLcr lhan for the pro-
peller alone, but the excess decreases with docrea ing values of V/nD until the two sets of values 
become practically the same, and in many case the CUTves cro and the values for the com-
bination become Ie than those for the propeller alone. 
It result that over the low value range of V/nD the values of the t1u'u t coefficient for the 
combination are defmitely Ie s than for the propeller alone, while tho e for the power coefficient 
are nearly the ame or lightly less. In all case, however, and a illu tl"ated in Figure 12, the 
decrease in the values of the thru t coefficient is greater than that for the power coefficienL, 
and hence there results a loss in efficiency, as i shown in all ca es. 
On the other hand, however, and as mu t result from the forms of the coefficient curves, 
the values of th efficiency for large values of V/nD wili be greater for the combination than 
Jor the propeller alone. 'Thus at the value of V/nD for zero thrust for the propeller alone, 
and hence for zero efficiency, the propeller combined with model will show a definite thrust 
and hence a definite (though low) efficiency. It thus result that the L-wo efficiencj- curve 
mu t meet and cros , the combination values for moderate and low values of V/nD howing 
a loss as compared with the propeller alone, while over a range of relatively high F/nD (low 
slip) the combination values will be the larger. 
It is well lmown that, due to limitations In diameter, air propeUel'S mu t , in general, be 
used over a range of value of V/nD beginning with a large value somewhat less than that for 
maximum efficiency and extending over a mall range in the direction of decreasing value . 
Inspection of Figure 13 to 36 will show that this range of values of VlnD carries the practical 
operation of the propeller over into that segment of the efficiency curve where the effect of an 
obstruction as represented by a thick wing, the nose of the fuselage, or other part of the air-
plane structUTe will be to decrea e the propulaive efficiency a compared with that for the pro-
peller alone at the same value of V/nD. 
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The amount of such los in propulsi ve efficiency i seen to vary between ·wide limi ts according 
to the circum tances of the case. For model B, 10 ses of the order of 15 and 20 points were 
found. For model A the values ranged somewhat smaller and for model C, a would be exp cted, 
still les . 
A marked clecrea e in the loss is found to re ult from increa cd clearance between propeller 
and ob Lruction. This indicate very clearly that, in large degree, ueh loss in propulsive 
efficiency may be avoided by a suitable increase in this cleaTancc, and, in geneTal, it sh ws that 
with the tracLor propeneI' the clearance between the propeller blade and the nearest parts of 
the airplane structure should be made as large as practicable. 
So far as a comparison between the result for propeneI' :t and 2 may serve to indicate, 
the 103 in propulsive efficiency, other things the same, i the larger for o. 2 (the higher pitch 
ratio) than for o. 1. 
The resull of these ob ervation indicaLc: 
(1) The imporLance of taking ome account, lJl problel).1s of design, of thi element of 
interaction between the propeller and the airplane. 
(2) The de irahility of avoiding such form and di po iLion of tructme as will involve an.IT 
extreme degree of interference a j shown hy models A and B, or jf such design are imposed, 
then e. pecial eff rt hOuld be made to increase, Lo the maximum practicable limit, the clearance 
bet,yeen the propeller and the nearer parLs of the sLructure. 
TABLE I 
CflARA0'fERISTIG C'OEFFIClE TS FOR PROPELLER 0.1 
DIAMETER, 24 I CBE . NOMINAL PITCH RATIO, 0.70 
~P v,l v I N T Q VlnD Cr Cp, 
-------- ------------
-
J. 744 3 .70 1,274 0.10 0. 175 0.91 13 0.0107 0.0327 
2.363 45.00 1,716 1. 222 .432 .7 68 .0400 .014., 
2.338 45.34 1,755 1. 237 .446 . i750 .0397 . 0450 
2.0'>9 42. 1,905 2.203 .HOS .6752 .06 10 .0529 
2. 5'- 47.56 2.27 3.601 .969 .6264 .0691 .0564 
2. 360 45.02 2,1 69 3. 347 .866 . 6227 .06 .05.59 2.349 45. 47 2.205 3.370 .879 .6187 .0687 .0561 
1. 837 39.97 2,000 3.393 74 .5737 .0760 .0590 
2.383 45.29 2,379 4.437 1.104 . 5711 .0759 .0593 
2.424 '15.72 2, 56 1 S.550 1.318 .5356 .0821 .0613 
2.495 46.39 2,737 6.724 1. 517 .5085 .0 71 .0617 
2.257 44.50 2,719 6.715 1. 504 . 4910 . 0897 .0631 2.505 46.50 3,027 8. 74 J,917 . 460 .0940 .0638 
2. 17 49.35 3,320 11. 050 2.302 .4459 .0975 .0638 2.174 43.30 3,238 1l.150 2.230 .4011 . 1032 .0648 
TABLE II 
CHARA CTERISTIC COEFFICIENTS FOR PROPELLER NO.2 
DIAMETER,24 I CHES. OMI AL PITCH RATIO,O.90 
1 
t P v' V N T Q VlnD Cr Cp, 
-----------------------
3. 60 .20 1,501 0.0882 O. ) 7 1.183 0.0039 0.0257 
1.912 40.95 1, 068 .0617 .145 1.150 .0053 .0393 
3.879 58. 32 1,762 1. 191 .529 .993 .037 .0527 
1. 946 41. 31 1,384 1.065 .395 . 895 .054 .0638 3.870 58.30 1,994 2.349 .829 .873 .0603 . 066 
3. i9 58.34 2,166 3.462 1. 121 .808 .0728 .0741 
1. 962 41. 53 1,630 2.213 .657 .764 . 07 6 . 076 2.570 47.28 1. 939 3.312 .971 .731 .0861 .0793 
2.00 41. 5 1,864 3.305 .934 .674 .0935 .0830 2.606 47.65 2, 153 4.508 1.267 .664 .0953 .0842 
4.050 59.62 2,929 .976 2.349 . 611 .1034 .0 51 
2. 613 47.77 2, 326 5.562 1. 510 .616 .1010 .0861 
2.016 42.14 2,226 5.414 1. 422 . 568 .1083 .0893 
4. 077 59. 2 3,17 11. 334 2. 71 .565 .1109 .0883 
2.716 4 .76 2,7 7 .969 2.231 .525 . 1138 .0889 
2.763 49. 17 3,010 U .092 2.622 .490 .1205 .OS95 
2.273 44.23 2,920 11. 050 2.519 .454 .1252 .0897 
j 
I 





























































































































































V=Velocity r. p. s. 
N=R. P . M. 
n=r. p. s. 
T=Actual tbrust lb. 
BETWEE AIR PIWPELLEHS A JD AIRPLANE STRUCTURES 
TABLE III 
PROPELLEL~ NO.1. Pll'ClI RA'l'1O,0.7 
MOD I';L A- WING 
CL I~Ant\ ' Cg, % INCH 
7' R. R. A 7'-..1 Q v/1ln I CT Cp, 
---1--- 1--
O. 77 0. 603 0.271 0.371 
--- ----- 
1. 21a .765 .418 .683 0.332 
1. 570 .956 .614 1.062 .448 
1. 9:10 .999 .931 1. 671 .6H 
1.850 .973 .877 1.813 . H6fi 
1. 562 . 76~ .79,1 1.544 .5fl9 
2.210 .963 1.277 2.921 .91H 
2.120 .7n I. 3·17 3.282 .91R 
2. 920 I. 022 1.898 4.806 l. a89 
ii 3. (i09 I. 117 2. 492 6. 3 5 I. 763 
10. bOO 4.209 1. 132 3.077 7.723 2. IJO 
8.848 3.158 .800 2.3,>8 (i. 490 I. 617 
10.013 3.362 .772 2. 640 7.40:l I. 761 
1l.541 4.508 . G52 3.85(; 1O.6H8 2.366 
TABLE IV 
CLEA IUNCE, 2 I Clll~S 
110 0. 960 0.450 0.730 0.3:34 
325 .921) .396 .817 .352 
690 1. 000 .690 I. 60 .597 
1.1 0 I 1. 1. 213 1. 2370 1. 
4 666 2. 507 1.329 1. 178 3.4 1. 091 
S 615 2. 530 1.179 I. 360 4.2135 1. 239 
S.579 2. 420 LOS 1. 362 4.217 1. 20 
7.751 3. 017 1. 201 1.815 5. 936 I. 607 
6.742 2. 322 .797 1. 525 5. 217 I. 337 
10. 043 3. 213 .910 2.303 7.740 1. 837 
13. 430 4. 140 J. 036 3.104 10.326 2.3lO 
11.160 3. 248 lO 2.43 8.722 1.938 
8. 966 2. 620 .630 1.990 6.976 1.541 




OLEA RA, CE, 4 I , ClIES 
1.2lO 1.230 0.9 0.242 0.96 0.405 
~m I.M 1.~ .m 1._ .~ 
2. 218 1. 592 1. 137 . 455 1. 763 . 631 
__ ~~~~~ ___ __ ~~~~O __ __ __ ~~~ __ __ __ ~~~ _____ ~~~~~ __ -- --.-573--
4.428 2.371 
4.598 2.295 
2.192 I 1. 051 4. 565 1. 9 0 
: ::i: i~~: : : ::i: ~ii -
6.812 2.632 
8. 76 3.162 




6.726 1. 52 
11. 090 2. 757 
.958 2.260 
10.990 3. 197 
11. 680 2.621 
1.491 

















. '142 1. 750 
.909 3.656 
92 3. 474 
1. 261 5.551 
1. 653 7. 223 
.7 6 3.371 
1. 264 5.506 
1. 656 7.167 
1. 725 7.255 
1. 214 5.512 
1. 932 9.15 
1. 619 7.339 
1. 983 9.007 











































































. 0562 .0 0 
.0655 .0594 
.0fJ66 .0604 
.0703 . 0610 
.0714 .0613 
.0773 .0605 






.0642 .05 3 
.0647 .0 2 
.0707 .0601 
.0761 . 0612 
.OS20 . 0611 
.0863 . 0614 
.0873 .0609 
.0863 .0599 
.0906 . 0592 
.0584 
I 0.0336 -I~ .0376 . 0434 
.0425 .047 
___ ~ ~:~ __ 1- --~ii492--
.052 .0525 





: ~~i~ -- -.-0569--
. 0713 .0584 
.0763 .0592 
.0736 .0591 
.0744 . 059 
.0774 .0609 
.046 .0610 




A=Augment of resistance=R.-R •. 
Q='l'orqlle, ft . lb. 
R.=Rcsistance of model witb propeller in action, lb. 
R.=Rcsistance of model witbout propeller at same speed 8S for 
D=Diameter of propeller, ft. 
GT=Tbrust coer. =(T-A)+pn'D' 
Cp/=Power coer.=P+pn'D' 
P= Power=2 .. nQ ft. lb. sec. 
&,lli. . 
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+p I" I V N 
---
I. 90·1 40.65 1, 09 
4.933 65.59 I, 50 
2.349 45.55 1,297 
2. 85:; 4 .45 1, 447 
3.578 56. 08 1, 720 
5.085 66.64 2,213 
2.622 47.16 1,634 
4,483 62. 20 2,331 
S.1I7 67.00 2,800 
I. 5 40.66 1,750 
3. 96 57.95 2,686 
2.472 45. 60 2,178 
3. 78 57.82 2,929 
1.928 4t. 21 2, 122 
1. 975 41. 71 2,275 
3.136 51. 44 2,921 
I. 985 41. 2 2, 06 
I. 995 4t. 93 3, H;6 
4.222 60.73 1,793 
3.051 51.Iil 1,659 
1.234 60. 4 2,187 
1.929 40.67 1,537 
3.018 50.26 1,931 
4.305 61. 37 2,498 
3.005 50. 15 2,237 
4.343 61. 67 2,757 
4.370 61. 86 3,006 
3.139 52.33 2,683 
3.152 51. 31 2,675 
I. 983 41.32 2,260 
3.173 52. 61 2,907 
3. 173 51. 49 2,946 
2.043 41. 93 2,560 
2.064 42. 15 2,791 
2.091 42.4 3,144 
-----
1. 57 40.61 1,277 
3.200 53.03 1, ;24 
4.947 fi6.36 2,313 
3.177 5l.W 1,995 
4.932 66.29 2,60 
3.228 53.33 2, 120 
3.143 51. 32 2,0 6 
3.207 52.59 2,368 
3. 137 51. 62 2,41 
3.825 58.23 2,996 
3.332 52.95 2,986 
2.270 44.57 2,615 
2.272 44. 62 2, 67 
2.007 42.41 3,042 
v = Velocity f. p. s. 
N=R.P.M. 
11=r. p. S. 
T= Actual thrust, l b . 
TABLE VI 
PROPELLER NO.2. PITCH RATIO, 0.9 
MODEL A- WI 0 
C LEA RA TCE, % INC'lf 
l' R. l!. I A T-A Q 
--- -- ---
0.701 O. 6 0.609 0.2i7 0. 424 0.2:'7 
2.263 2.573 J. 579 .994 I. 269 "-- ~357 
---------- ---------- ------------ -- - - ---- - - ---.----
I. 610 J. 500 .914 .. 186 1. 024 
------.---
2. 243 I. 886 I. 145 . 741 I. 502 .6 3 
4.382 3.153 I. 627 1. 526 2.856 
----------
2.429 I. 514 .830 .675 1.7M .6 7 
5.615 3. I 2 I. 435 I. 747 3. 868 1. 43 
8. 910 4.403 1. 637 2.766 6.144 ----.---. -
3.416 J. 535 .603 . 932 2.484 21 
.852 3. 700 1. 247 2.453 6. 399 I. 951 
5.760 2.318 .7 6 I. 532 4.228 I. 316 
1 I. 040 4.233 1. 241 2.992 8.048 2. 317 
5.599 2. 060 . (i17 I. 443 4. 156 
------ ----6.672 2.306 .632 I. 674 4.998 I. 361 
11. 444 3.9 0 1.003 2.977 
I 
. 467 2.343 
11. 032 3.269 .635 2.631 8.39 2.019 
14.404 3.942 .638 3. 301 I I. 100 2.556 
TABLE VII 
CL.EARA CE 2 INC'U I<;S 
2. 293 2.020 I. 3;;1 0.660 I. 624 0.712 
2.183 I. 573 .976 .597 I.:; 6 .657 
4. 472 2.!j 3 1.354 I. 229 3.24:3 1.22l 
--------- - --.-.-.-.- --.-.-.-.- -------- - ----._. --- . 620 
3.969 1. 950 .966 .984 2.085 
6.660 2.997 I. 377 I. 620 5.040 1. 654 
5. 954 2.360 .961 l. 399 4. 555 1.425 
8.940 3. 480 I. 390 2.090 6. 850 2.057 
11. 040 3.983 l. 39 2.585 8.455 2.451 
.970 3.017 ·1.004 2. 013 6.957 1. 9.1 1 
9.4 16 3. 210 1. 009 2.201 7.215 2.040 
6.672 2. II .63-1 l. 4 4 5.1 1. 393 
11. 100 3.502 I. Ot.? 2.4 7 8. 613 2.276 
11. 690 3.680 1. 015 2.665 9.025 2.474 
.866 2. 626 .654 l.9n 6. 94 I. 773 
11. 070 3.019 .660 2.359 .7 ll 2. 061 
14. 390 3.743 ,669 3.074 11 . 316 2.591 
TABLE VIn 
CLEARANC~4 INCITES 
1.17 O. 0 O. ~£4 0. 214 O. ~C4 0.2[4 
2.304 J. 530 1. 024 .506 J. ;[ .H3 
4.530 2. 534 1. 5 3 . £5] 3. 579 1. ~75 
3.969 1. 770 1. 017 .7fa 3.216 1. CW 
6.660 2. E69 J. 57 1. 291 5.Hfl J. 731 
4.448 1.8 8 1. 02 fO 3. [ ~8 1.109 
4. C09 1.li70 J. 007 f 3 3.746 1. ][6 
6.318 1.74 . C42 1. lOCi i>.212 J. 519 
7.1:23 2. 3~0 1. 015 1. 30[) .1. 1 1. (78 
10.910 3. 2(3 1. ~ 4 2. C::'fl 8.li71 2. 4~7 
11. 732 3.170 1. OW 2.IC4 9. (~ '1. e46 
76 2. 356 .726 I. 630 7.246 1. f.' l 
11. 065 2.726 .7'i.7 1. 999 9. C(6 2. 1E 
12.745 2.923 . (42 2.281 10.4f4 2.4 : 0 
T'/ lID Cr 
------
I. 110 0.0343 
I. 064 · 036'1 
I. 051 
----------










. 582 .0912 




.397 . 1096 
1.0163 I O:~~~ .9324 
.8345 -- - '-~~~:--.7938 
.7810 .07.14 
.7370 . 0795 
.6726 .0857 
. 6ilO .0 7 
. 6174 .0922 
.5851 .094 
. 5755 .094 
.54 5 .0984 
.5430 . 1000 
. 5243 .0977 
.4914 · 1017 
.4531 · 1084 
. 4053 . 11 12 
O. n~o O. Gl£ I 
· 92~ .0:'(9 
.1(C8 · ((.0 
.77£0 
· G7ft 
· ;C25 · ('7£3 
.7Mi . 07£3 
.73f0 
· CEll 
· fCf7 .CH 
· (4C4 · (f <0 
· fE31 .l!f6 
· t3~ O .IC2 
· t lIS . IC43 
· <(( 9 .lGE7 
.4H2 
· I J<O 
A = Augment of resistaoce= R. - R •. 
Q=Torque, ft. lb. 
D=Diameter of p ropeller, ft. 
Cr= T brust Coef. =(1'-A)+pn'DI. 
R.=Resistaoce of model with propeller in action, lb. Cp 1 = Power Coef. = P + pns Dfl. 
R.=Resistanco of model without propeller at same speed 






























. 0 42 
. 0 30 



















rNTERACTION BETWEEN :dB PROPELLERf:; A TD ALRPLANE TRUCTURES 
















I. 3 1R 
3.357 
2. 8'" 





































































PROPELLJ<; I{ No. J. Pl'rCIl HATlO, 0.7 
i\lO I)[O; I, n-FUI:'I~J.AGE 








































































































































I. !l- IS 
:1. 081i 
I. (H5 
l. .1 17 
I. 902 
.5. :lL8 
4. 13 1 
8.289 



















































































































































.Nl16 __ ~~ 019~--' 
1'= \ 'dodl) L p. s. 





11=1'. p. s. 
7'=.\ cluallhrllsl,lh. 
2. ar,; :3. lOr. 
1.17'; ,;.031 
4 . .175 3.9!).I 
5. -In!) 4. W3 
O. liS 4.036 
6.660 3.710 
8.910 I. 1117 
;'5 3 . .101 
II. 170 4.098 
Ra.= ltC'siSlRn('(' or l1lod('1 with proprll('r in action. Ih. 
R.= Resislance of model withouL propeller ut same speed 



















A=Augmenlofresisluncc R.-R •. 
Q='rorrlue, fl. lh. 
D= Dillmeter of propeller, fl. 
('r='l'hrusl coeL=(1'-A)+pn'DI. 
Cr. = Power coer. = P : pnJ ])6. 
















































20 REPORT ATIONAL ADVISORY COMMI TTEE FOR AERONAUTICS 
TABLE XII 
PROPELLER 0. 2. PI'rCll RA'l'lO,0.9 
MODEL B-FUSELAGE 
C LI<:J\RA 
I V' sp l ' N l' Ra R. T-A I 
~I 





























































































V=Velocity f. p .• 
N=R. P. 1\1. 
1,513 1. 261 
\, 25 2.37 






3,022 11. 230 
2,667 . 75 
2,643 9.4 2 
2,591 8. 922 
2,550 8.905 
















2,580 I 2,841 













































n=R. p. s. 















































































































































































































A=Angment of rcsistance=Ra-R •. Q=Torque, ft. lb. 
R.=Resistance of model with propeller in action, lb. 
R.=Rcsistance of model without propeller at same speed 
as for R a , lb. 
D=Diameter of propeller, Ct . 
Cr='fhrust coef.=(T-A)+pn'D'. Crt = Power coef.=P+pn3D'. 




































































I ~1'ERA TIO:N BE'rWEEx Am l?ROl?lJJLLER A:ND AIRl?LA:NE STRUCTURES 
----- -
1 Iff fP V N T 
TABLE XV 
PROPELLER NO.!. PI'l'CH RATIO, 0.7 
MODEL C-DgiiA VILLAND 
CLEARANCE, ~ INCH 
RADIATOR-WIRE GAUZE 










3.13 5J. 20 





3.365 53. 10 
.110 \}.60 
3.009 50. 50 
3.027 50. 67 
3.027 60. 67 
2.997 50. 40 
3.12 51. 52 
3.16 51. 5 
3.180 51. 96 
3.20 52.20 
3.373 53. 50 
3.467 54 . 25 

























































































V=Velocityf. p. s. 
N=R. P. M . 






















0.890 0.7 ~ --------- ----------
.965 .7 5 0.1 0 0.526 
I. 045 .79 .247 1.187 
1. 170 .795 .375 2.271 
1. 340 .806 .534 3.546 
1.560 .841 .719 5.236 
1. 785 . 835 .950 7.230 
2. 020 .844 1.176 9.364 
2.345 .850 1. 495 11.955 
2.660 . 852 1.808 14. 622 
1. 545 .02 1. 517 13. 23 
TABLE XVI 

























. 201 2.467 
.307 3. 
.454 5.476 


































.536 . 07 5 
.491 .0847 






.725 . 0542 
.649 .0647 
.50 . 0727 
.523 .007 














































































































1.280 . 707 
I. 485 .725 
1.690 .739 
















0.674 .342 1. 077 0.0330 
1. 407 . 559 .949 .0529 
2.481 27 28 .0700 
3.835 1.175 .724 .0817 
5.536 1.1: I .654 . 0933 
7.631 2.073 .588 . lOll 
9. 20 2.586 . 536 . 1050 
12.449 3.084 .495 • J 115 
15.383 3.699 .459 . 1137 
15.529 2.840 .106 .1450 
A=Augmeotof resisi oce= R.-R •. 
Q='rorQue, ft . lb. 
T=Aciual thrusi, lb. 
R. = Resistllllcc of model with propeller in action, lb. 
R . = Resisl.ance of model wiihout propeller at same speed 
as for R., lb. 
D= Diameter of propeller, fL. 
Or=Tbrust coef.=( 2'- A )..- pn' D' . 
('p, - Power coer.=P .- pn3D'. 




























































:1. 1 5 
3.252 
. lOll 















N I T 
TABLE XI X 
PROPELLER NO.1. PITC'][ R.\1'ro, 0.7 
"rODEL C'-D.:IL\ YIJ.L.\:-<D 
I 
ULE.\H.\NC'];;, % mCI[ 
RADT.\TOR ·flP.\CE OPgN 
111. 11. . 1 I T- I 
------ ---
I 
I. 391) 0.001 0.745 O.(Ull 
1,610 .68-1 . XlO 
· (J76 O. W4 o. ;,20 
I. 27 I. 521 .9:1,'; ./1,5 .2.10 1.271 
2,097 2.712 I. OKIi .711 
· :17l 2.311 2,31i,'; 1.010 1.2:i.!) · nfi .499 3. libl 
2,« 0 6.040 I. 425 .731 .69·1 .1.346 
2,971 8.010 I. (i25 .732 
· '93 7.123 
:1, 2$ 10.700 J.81O .722 1.0~ 9.612 
:J,261 10.630 1.8!l.1 .HI J. 112 9.51R 
3, f}(H 13.070 2.105 .7!iO I. 3M II. 71.1 
3,951 16.270 2.4H I .767 I. 714 l1.!lli() 
3,06 1:1.300 I. :J98 .025 1. 373 11. 9ii 
Q n IIlJ rr 
O. 10:1 I. 059 
. '2.ii 924 0.OIY1 
. 151 S21 .0368 
.710 no .0514 
.969 661 .0(;26 
J. :167 1i79 .0i21 
I. 772 1i22 . 0782 
2.1:11 <Ii:! .08H 
2.106 IRO . 068 
2. G2!J 112 .0RHIi 
3.1:10 102 .On05 
















CLEARA TCE,4 IKCHES 
3.062 51. 0 I, .)01 l 0.711 0.707 0.131 I. 0:13 3.07 51.91 1,700 0.1161 .719 .641 0.07 0.5b3 .2hS · HI6 .0199 3.1l9 52.26 1,906 I. 522 .737 · fiOi .130 1. 392 .4 25 .037 3.113 52.22 2, lSi 2.647 19 .606 .213 2.4:14 .730 .728 . 051 3. I 3 52.80 2,39 'I. 0,51 .92,; .620 
· :105 :1.71(; l.OHl .661 .0643 3.2 10 53.28 2, i45 6.07(1 I. 069 .630 .439 ,'.5.16 1. 448 .$2 · 0737 3.107 51. 7 2,981 8.090 I. 151i .604 . 50l 7.539 I. 704 .522 .082, 3.115 51. 95 3,29, 10.670 1. 335 .6()(i .7211 9. 9~1 2.232 .473 .0891 3. 234 52.94 3,620 13.340 1..130 .629 .901 12.439 2.690 .4:1 .0925 3. 256 53.11 3,908 16.580 1. 710 
· (;31 1.076 15.504 a.24:1 .408 .0990 
.128 10.34 3,000 13.380 1. 04,5 .025 1. 020 12.360 1. 933 · loa .1321 
T,\BLE _'XI 
PROPE[,LRR '0.2. PITCII RATIO, o.n 
' LE .Ut.\ c U;, ~"-li\ ('II 
, 
3.190 53.06 1,237 
------.---
3.199 53.18 1,421 0.661 
3.110 52.69 1,644 1.5-I-l 
3.177 52.90 1,8 2.64b 
3.021 51. 63 2,118 4.169 
3.171 52.20 2,391 5.97 
3.278 53. 05 2,692 8.072 
3.2'&9 52.67 3,002 10.$0 
:1. 250 52.90 3,260 13.420 
I 3.391 54.05 3,550 16.510 3.299 53.31 2,983 I 10.580 
o. 6~0 0.710 0.108 1. 28, 
• X,'\: · i!)2 0.106 O. ,,55 2 1. 123 0.0"273 
.961 .1M .212 J. 332 .506 .962 .0490 
I. ()'15 
.742 .303 2.315 '19 42 .0654 
1. OU5 .734 .361 3.808 I. [(;9 . 7:l2 .0831 
I. 245 .74 .497 5.4 I 1. 566 .655 .0927 
I. 470 . 773 .697 7.375 2.007 .592 .09 3 
1. 735 .762 .973 9.607 :J. 57 1 .526 .1030 
I. 985 ,767 1. 218 12.202 3.008 .4 7 .1112 
2.295 .800 1.495 15.01., 3.1i46 .457 .1155 





CJJR,\RANCE,I I CRES 





3.070 51. (i5 
3. 110 52.02 
3.090 51. 78 
3.467 54.85 
3.530 55.34 
v= VelociLy r. p. s. 
N=H.P.lI1. 











T= .\clll,,1 Lhrust, lb. 
.-.-.---.- O. [>I;; O. ;)[.:3 




· [) 2 
4.169 .840 .577 
5.978 .97.1 .590 
.025 1. 120 
.606 
10.620 1. 280 .601 
13.450 I. 510 · Hi4 
16.490 J. 705 · (186 
R, = Hrsislanre 01 llIodel wilh propellel' in nclion, Ih. 
Ro= H('sistnn('e of model without propellel' at SllJJ1(' sJ>epd 
as lor R., lb. 








------.-. 0.054 1. 267 
----------
O. fil9 .2hfl 1.075 O.O.'O!04 
I. 37~ .50t't .9·14 .O!"d{l 
2.47(; .812 .Slb · aUla 
3.906 I. 129 .721 .0852 
5.593 1..,70 .6·17 . 01152 
7.506 2. 017 
· 5~2 .IOHi 
9.911 2.487 .521 . 1097 
12.614 3. 097 .498 .1129 
15.471 3.658 . 465 . 1180 
A = AUJWll'llt of l'('sistnll('C'=RQ -Ro. Q=Torqul', It. 110. 
J)=J)iaml'[l'r 01 propeller, It. 
('r 'J'hrust l'()('r. ('f1- 1) :- p n~DI. 
('P1=Powt.·rcot->f.=P-7-p IIJ}P. 

































I 1 'iP V' 
J 'T'ERACTION BETWEEN AIlt PROPELLER AND AIRPLANE TRUC'l'URES 
V 
TABLE XXIII 
PROPELLER O. 1. PITCH RATIO, 0.7 
MODEL C-DEIIAVILLAND 
CLEARANCE, % INCH 
RADIA'l'OR-CLOSED 
----
V/71D Cr Cp) 
1---
---

























































































I, 448 I. 100 0.958 _____________ _______ 1 0.127 
I, 623 I. 055 . 952 __________ ___ _______ .292 
1, 624 0.684 1. 170 .952 O. 21 0.466 .286 
I , 02 1. 433 1. 275 .952 .323 1. 110 .449 
2, m 2_ I.W .m ._ 2~ .• 
2, 34~ 4.057 1. 655 .987 .668 3. 3 9 .986 
2, 674 6.019 1.945 1.023 . 922 5.097 1.358 
2, 956 .138 2.150 I. 010 1. 140 6. 99 1.723 
3, 26 1 10.580 2. 465 1.010 1.455 9.125 2.152 
3, 5 0 13.410 2.835 I. 035 1. 00 It. 610 2.578 



















































--- _____ .0 
95 .903 -----_.-.- 0.661 
I. 105 .926 0.177 2.502 
I. 4 5 .965 .520 5.435 
1.960 .976 .984 9.596 
2.625 .995 I. 630 14.990 
2.275 
I 
.998 1.277 12.053 
I. 690 .976 .714 7.311 
1. 265 .934 .331 3.639 
1.000 .934 .066 I. 411 
TABLE XXV 
PROPELLER NO.2. P ITC H RATIO, 0.9 























































.535 2. III 
.474 2.174 
.667 3.457 
. 7 4. 97 
1. 072 6.928 
l. 411 9.369 
I. 409 9. I 1 
1. 753 11. 657 
2.209 14.341 
TABLE XXVI 
CLEARA CE 4 I NCllES 










































































































































V= Velocity r. p. s. 
N = R. P. L 
II =AugmCnL or resist.oncc= Ra- Ro. 
Q='l'orque, rt. lb . 
?l=r. p. s . 
T=Actual tbrust, lb. 
R. = Resistance or model wilb propeller in action, lb. 
R.= Resistance or model "' itbout propeller at same speed 
as ror R. , lb. 
D = Diameter or propeller, rt. 
Cl'='l'brust coer.=(T- A)"p71'DI. 
CP, = Power coer. = P +pn'D' . 












































ADDITIO AL OOPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTE DENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 
10 OENTS PER OPY 
\l 
Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel Linear 
Sym- to axis) Designa- Sym- Positive Designa- Sym- (compo-Designation bol symbol tion bol direction tion bol nent along Angular 
axis) 
LongitudinaL __ X X rolling _____ L Y~Z roll ______ <I> u p 
LateraL _______ y y pitching ____ M Z~X pitch _____ e II q 
NormaL ______ Z Z yawing _____ N X~Y yaw _____ IJ1 w r 
Absolute coefficients of moment 
L 111 N 0=- 0 =-0 = - ' 
I qbS m qcS n qfS 
Angle of set of control surface (relative to 
neutral position), o. (Indicate surface by 
proper subscript.) 
Diameter, D 
Pitch (a) Aerodynamic pitch, Pa 
(b) Effective pitch, Pt 
(c) Mean geometric pitch, Pu 
(d) Virtual pitch, p" 
(e) Standard pitch, p, 
Pitch ratio, p/D 
Inflow velocity, V' 
Slipstream velocity, V, 




(If "coefficients" are introduced all units 
used must be consistent.) 
Efficiency 1/= T VIP. 
Revolutions per sec., n; per min., N. 
Effective helix angle <I>=tan-1 (2:rn) 
5. NUMERICAL RELATIONS 
1 HP. = 76.04 kg/m/sec = 550 lb./ft./sec. 
1 kg/m/sec=0.01315 HP. 
1 lb. = 0.4535924277 kg 
1 kg = 2.2046224 lb. 
1 :mi./hr. = 0.44704 m/seo 
1 m/sec=2.23693 mi./hr. 
1 mi. = 1609.35 m = 5280 ft. 
1 m =3.2808333 ft. 
